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ABSTRACT

The encapsulated A. niger grew up inside the capsule and mycelia penetrated through the pore of the
capsule membrane. The mycelia on the capsule wall became loose when the carbon source and oxygen
were deficient in the medium. On the contrary, the production rate increased and mycelia made a lump
tightly when the carbon source and oxygen were sufficient. Namely, number of proper capsule of unit
volume in the medium was existed. The phenomenon which was swelled of capsule membrane in
cultivation could prevented by adding CaCl, into the medium. According to the time adding CaCl, into
the medium,the production rate of citric acid was influenced. In case of adding CaCl, into the medium
at 7th day cultivation, the production yield of citric acid was increased about 40 percent higher than
that of adding CaCl, initially. The production yield of citric acid using encapsulated A. niger of flask
culture was influenced with oxygen supply. The production yield of citric acid (dp/ds) of the flask
culture was increased 3.88 time by using T-flask instead of parafilm sealed flask. Therefore, the
productivity and consumption rate concering production which was taken carbon source were increased
when oxygen supply was sufficent. The production of citric acid using encapsulated A. niger was
increased average 30 percent higher than that of bead in between 6th and 13th day cultivation.
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Fig. 1. The growth of A. niger at the inside of
capsule.
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Fig. 2. Citric acid production and sugar

consumption in the flask culture using
encapsulated A. niger.
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Fig. 3. The concentration of citric acid, sugar and
pH variation in shake flask fermentation.
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Fig. 4. The effect of amonium nitrate on citric
acid production using encapsulated A.
niger.
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(A)
Fig. 5. The state of encapsulated A. niger
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(®

A :after 20 days cultivation in M1 medium containing 2.5g/ { of NH.NO;
B:after 20 days cultivation in M3 medium containing 0g/ ¢ of NH.NO;
C:after 15 days cultivation in M3 medium, which had been grown for 6 days in M1 medium.
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Table 1. Effect of number of ca-alginate capsule in the flask on citric acid production.
-Alginate 7 o Yield . D
Ca AgTa[e Citric acid Consumed eato Capsule H 'ryh
capsule 0 0 sugar . p weight
__ number/100ml w0 , Sugar(g/ ) consumed(®) ™™ , (g/capsule)
100 248 42 33 585 3-8 198 0.0132
300 1.35 4652 290 3-5.5 2.06 0.0075
500 095 4196 2.26 3-5 230 0.0056
1,000 0.17 50.75 0.33 3-3.5 3.05 0.0012

(4)

ITmm

©

Fig. 6. The state of encapsulated A4. niger after 17
days cultivation in the medium containing
CaCl,

A :100 capsules/100ml,
B:300 capsules/100ml,
C:500 capsules/100ml
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Table 2. Effect of number of ca-alginate bead in the flask on citric acid production.

Ca;:i?:te Citric acid Consumed Y;Zi;;o Bead o wle)i;yht
number/100ml ®/0) sugar(g/ £) consumed(%) size(mm) (g/bead)

100 1.09 35.75 3.04 3-8 231 0.0130

300 191 4385 436 3-5 2.12 0.0070

500 1.77 45.05 392 3-4.5 2.11 0.0062

1,000 0617 34.19 1.80 3-35 2.59 0.0047

) (B)

© ' ' (D)

Fig. 7. The state of entrapped A. nigerafter 13 days cultivation in the medium containing CaCl.
A 1100 beads/100ml, B:300 beads/100ml, C:500 beads/100 ml, D:1,000 beads/100 ml
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Fig. 8. The citric acid production by the
encapsulated 4. niger in the time-variable
medium.
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Fig. 9. The citric acid production by the
entrapted A. niger in the time-variable
medium.
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